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(54) AIR CYCLING TYPE AIR-CONDITIONER 

(57) An air cycling type air-conditioner includes: a 
heat exchanger (3); a compressor (1) compressing suc- 
tion air and transferring the compressed air to the heat 
exchanger (3), and compressing air transferred from the 
heat exchanger (3) and transferring the compressed air 
as supply air; an expander (4) expanding the suction air 
and transferring the expanded air to the heat exchanger 
(3), and expanding air transferred from the heat 
exchanger (3) and transferring the expanded air as the 
supply air; and a motor (2) driving the compressor (1) 
and the expander (4). The air-conditioner further 
includes: a dehumidifier (10) dehumidifying the suction 
air; a first temperature and humidity measuring unit (12) 
measuring the temperature and humidity of the suction 

FIG. 1 



air; and a control unit (14) calculating the amount of 
dehumidification on the basis of the temperature and 
humidity measured by the first temperature and humid- 
ity measuring unit (12) and requested temperature and 
humidity, and controlling the dehumidifier (10) based on 
the calculated amount of dehumidification. The suction 
air is dehumidified by the dehumidifier (10) during the 
room cooling operation, so that the water is prevented 
from being condensed even when the temperature of 
the air is lowered by the heat exchanger (3) and the 
expander (4). Thus, the efficiency of the air-conditioner 
as a whole is improved. 
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Description 

Technical Field 

[0001] The present invention relates to an air 
cycling type air-conditioner at least including a com- 
pressor, a motor, a heat exchanger and an expander, 
which receives air via a prescribed suction port, per- 
forms heat exchange of the received air, and exhausts 
the resultant air via an outlet port. More particularly, the 
present invention relates to an air cycling type air-condi- 
tioner that is capable of controlling the temperature and 
the humidity at the same time, preventing the inner por- 
tion of the device from rusting, lowering the temperature 
of the air to or below the freezing point, and setting the 
absolute humidity of supply air higher than that of suc- 
tion air during room heating. 

Background Art 

[0002] In recent years, air cycling type air-condition- 
ers which can operate both for room cooling and room 
heating have been widely spreading. Fig. 1 is a block 
diagram showing a schematic configuration of a con- 
ventional air cycling type air-conditioner, which 
includes: a compressor 1 ; a motor 2; a heat exchanger 
3; an expander 4; four-way valves 5 - 7 which switch air 
flow paths during the room cooling or heating operation; 
an air suction port 8; and an air outlet port 9. 
[0003] In Fig. 1 , the arrows with solid lines show the 
air flow paths at the time of room cooling. The arrows 
with broken lines show the air flow paths at the time of 
room heating. Four-way valve 5 is provided to prevent 
suction of the air via suction port 8 and exhaust of the 
air via outlet port 9 from being replaced by each other 
during the room cooling and room heating operations. 
[0004] More specifically, at the time of room cooling, 
four-way valve 5 is switched to attain communication as 
shown in the solid lines, so that suction port 8 communi- 
cates with an inlet of compressor 1 via four-way valve 6, 
and outlet port 9 communicates with an outlet of 
expander 4 via four-way valve 7. Conversely, at the time 
of room heating, four-way valve 5 is switched to commu- 
nicate as shown in the broken lines, so that suction port 
8 communicates with an inlet of expander 4 via four-way 
valve 7, and outlet port 9 communicates with an outlet of 
compressor 1 via four-way valve 6. 
[0005] Further, at the time of room cooling, four-way 
valve 6 is switched to attain communication as shown in 
the solid lines, whereby the inlet of compressor 1 com- 
municates with suction port 8 via four-way valve 5 and 
the output of compressor 1 communicates with heat 
exchanger 3. Conversely, at the time of room heating, 
four-way valve 6 is switched to obtain communication as 
shown in the broken lines, so that heat exchanger 3 
communicates with the inlet of compressor 1 , and the 
outlet of compressor 1 communicates with outlet port 9 
via four-way valve 5. 



[0006] Moreover, at the time of room cooling, four- 
way valve 7 is switched to attain communication as 
shown in the solid lines, so that heat exchanger 3 com- 
municates with the inlet of expander 4, and the outlet of 

5 expander 4 communicates with outlet port 9 via four- 
way valve 5. Conversely, at the time of room heating, 
four-way valve 7 is switched to realize communication 
as shown in the broken lines, and thus, suction port 8 
communicates with the inlet of expander 4 via four-way 

w valve 5. and the outlet of expander 4 communicates with 
heat exchanger 3. 

[0007] Thus, during the room cooling operation, the 
air taken in from suction port 8 is directed via four-way 
valves 5 and 6 to compressor 1 , which compresses the 

15 received air to produce high-temperature, high-pressure 
air. This high-temperature, high-pressure air is directed 
via four-way valve 6 to heat exchanger 3, in which the 
air is cooled by heat exchange with refrigerant air or 
refrigerant water. Further, the cooled, high-pressure air 

20 is directed via four-way valve 7 to expander 4, in which 
the air is adiabatically expanded to low-temperature, 
normal-pressure air. The resultant air is then exhausted 
via four-way valves 7 and 5. from outlet port 9. 
[0008] Conversely, at the time of room heating, the 

25 air taken in from suction port 8 is directed via four-way 
valves 5 and 7 to expander 4. which produces low-tem- 
perature, low-pressure air. This low-temperature, low- 
pressure air is directed via four-way valve 7 to heat 
exchanger 3, in which the air is heat exchanged with 

30 refrigerant air or refrigerant water, whereby normal-tem- 
perature, low-pressure air is obtained. Further, this nor- 
mal-temperature, low-pressure air is directed via four- 
way valve 6 to compressor 1 , in which the air is adiabat- 
ically compressed, and high-temperature, normal-pres- 

35 sure air is obtained. The resultant air is exhausted via 
four-way valves 6 and 5, from outlet port 9. Compressor 
1 is driven by motor 2 as well as by motive energy gen- 
erated by expander 4. 

[0009] As explained above, in the conventional air 
40 cycling type air-conditioner, compressor 1, motor 2, 
heat exchanger 3, expander 4, and three four-way 
valves 5 - 7 are used to selectively perform the room 
cooling or heating operation. 

[001 0] For the conventional air cycling type air-con- 
45 ditioners as described above, various techniques have 
been proposed to improve the efficiency of the entire 
devices. For example, the invention disclosed in Japa- 
nese Patent Laying-Open No. 4-184049 is directed to 
improve the efficiency of the air-conditioner as a whole. 
so In this air-conditioner, compressor 1 is cooled at the 
time of room cooling, by condensation water generated 
at heat exchange- 3 or expander 4. Heat exchanger 3 is 
also cooled by the condensation water, which is sprayed 
thereon and. when evaporating, removes the heat of 
55 vaporization from heat exchanger 3. 

[0011] The invention disclosed in Japanese Patent 
Laying-Open No. 5-223375 relates to an air cycling type 
air-conditioner provided with control means for reducing 
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the rotation number of motor 2 driving compressor 1 in 
the case where the temperature of the air released from 
expander 4 attains a prescribed temperature or below, 
to prevent freezing of the moisture contained in the air 
from expander 4. 

[0012] These techniques proposed, however, have 
not solved the following problems inherent in the con- 
ventional air cycling type air-conditioners: 

(1) The humidity of the air to be exhausted to the 
room is uniquely determined based on the temper- 
ature and humidity of the air sucked from the room 
and a temperature requested of the supply air. 
Thus, the temperature and the humidity critical to 
the performance of the air-conditioner cannot be 
controlled simultaneously. 

(2) During the room cooling operation, the moisture 
included in the suction air is also cooled and con- 
densed by heat exchanger 3 or expander 4 simulta- 
neously. Thus, if the humidity in the room is high, 
the efficiency of the air-conditioner as a whole 
decreases. This may also cause rusting inside the 
air-conditioner. 

(3) In the case where the air of low temperature is 
sucked into the air-conditioner, ice particles may be 
blown off from outlet port 9 when the air released 
from expander 4 is exhausted to the room. There- 
fore, the temperature of the air cannot be made at 
or below the freezing point. 

(4) Generally, the absolute humidity of the supply 
air is desired to be lower during the room cooling 
operation and to be higher during the room heating 
operation with respect to the absolute humidity of 
the suction air. In the conventional air-conditioners, 
however, the absolute humidity of the supply air 
cannot be made higher than that of the suction air 
during the room heating operation. 

[001 3] The present invention is directed to solve the 
above-described problems. The first object of the 
present invention is to provide an air cycling type air- 
conditioner which can control the temperature and 
humidity simultaneously. 

[001 4] The second object of the present i nvention is 
to provide an air cycling type air-conditioner which pre- 
vents a decrease in the efficiency of the air-conditioner 
as a whole even in a room with high humidity, and also 
prevents rusting inside the air-conditioner. 
[001 5] The third object of the present invention is to 
provide an air cycling type air-conditioner which pre- 
vents ice particles from blowing off even when the tem- 
perature of air is set at or below the freezing point. 
[0016] The fourth object of the present invention is 
to provide an air cycling type air-conditioner which can 
set the absolute humidity of supply air higher than that 
of suction air at the time of room heating. 



Disclosure of the Invention 

[001 7] According to an aspect of the present inven- 
tion, an air cycling type air-conditioner includes: a heat 

5 exchanger; a compressor for compressing suction air 
and transferring the compressed air to the heat 
exchanger, and compressing air transferred from the 
heat exchanger and transferring the compressed air as 
supply air; an expander for expanding the suction air 

10 and transferring the expanded air to the heat exchanger, 
and expanding air transferred from the heat exchanger 
and transferring the expanded air as the supply air; a 
motor for driving the compressor and the expander; a 
dehumidrfier for dehumidifying the suction air; a first 

is temperature and humidity measuring unit for measuring 
the temperature and humidity of the suction air; and a 
control unit for calculating the amount of dehumidif ica- 
tion on the basis of the temperature and humidity meas- 
ured by the first measuring unit and requested 

20 temperature and humidity, and controlling the dehumid- 
rfier based on the calculated amount of dehumidrfica- 
tion. 

[0018] With such a configuration, the suction air is 
dehumidified by the dehumidrfier during the room cool- 

25 ing operation, and the water is not condensed even 
when the temperature of the air is lowered by the heat 
exchanger and the expander. Thus, the efficiency of the 
air-conditioner as a whole is improved. 
[0019] Preferably, the air cycling type air-condi- 

30 tioner further includes a second temperature and 
humidity measuring unit for measuring the temperature 
and humidity of the supply air. In this case, the control 
unit controls the rotation number of the motor and the 
amount of dehumidif ication by the dehumidif ier on the 

35 basis of the temperature and humidity of the supply air 
measured by the second measuring unit and requested 
temperature and humidity. 

[0020] With such a configuration, the rotation 
number of the motor and the dehumidif ication amount of 

40 the dehumidifier are controlled based on the tempera- 
ture and humidity of the supply air measured by the sec- 
ond measuring unit and the temperature and humidity 
requested of the supply air. Thus, it is possible to set the 
temperature and humidity of the supply air to desired 

45 values. 

[0021] Preferably, the air cycling type air-condi- 
tioner further includes a pipeline for providing conden- 
sation water generated by the dehumidrfication by the 
dehumidifier, to at least one of the compressor, motor 

so and heat exchanger. 

[0022] With such a configuration, the condensation 
water generated by the dehumidrfier is provided to at 
least one of the compressor, motor and heat exchanger, 
and the temperature in the relevant portion can be low- 

55 ered to improve the temperature efficiency thereof. 
Thus, it is possible to improve the efficiency of the air- 
conditioner as a whole. 

[0023] Preferably, the efficiencies of the compres- 
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sor, motor and heat exchanger are calculated, and the 
condensation water generated by the dehumidification 
of the dehumidif ier is provided to the portion having the 
worst efficiency. 

[0024] With such a configuration, the condensation 
water generated by the dehumidifier is provided to a 
portion having the worst efficiency among the compres- 
sor, motor and heat exchanger. Thus, the temperature 
at the relevant portion can be lowered to improve the 
temperature efficiency thereof, whereby the efficiency of 
the air-conditioner as a whole is improved. 
[0025] According to another aspect of the present 
invention, the air cycling type air-conditioner includes: a 
heat exchanger; a compressor for compressing suction 
air and transferring the compressed air to the heat 
exchanger, and compressing air transferred from the 
heat exchanger and transferring the compressed air as 
supply air; an expander for expanding the suction air 
and transfer ring the expanded air to the heat exchanger, 
and expanding air transferred from the heat exchanger 
and transferring the expanded air as the supply air; a 
motor for driving the compressor and the expander; a 
humidifier for humidifying the supply air; a first tempera- 
ture and humidity measuring unit for measuring the tem- 
perature and humidity of the suction air; and a control 
unit for calculating the amount of humidification on the 
basis of the temperature and humidity measured by the 
first measuring unit and requested temperature and 
humidity, and controlling the humidifier based on the 
calculated amount of humidification. 
[0026] With such a configuration, the control unit 
calculates the amount of humidification on the basis of 
the temperature and humidity measured by the first 
measuring unit and the requested temperature and 
humidity, and controls the humidifier based on the cal- 
culated amount. Thus, the temperature and humidity in 
the room can be set to desired values. 
[0027] Preferably, the air cycling type air-condi- 
tioner further includes a second temperature and 
humidity measuring unit for measuring the temperature 
and humidity of the supply air. In this case, the control 
unit controls the number of rotation of the motor and the 
amount of humidification of the humidifier on the basis 
of the temperature and humidity of the supply air meas- 
ured by the second measuring unit and requested tem- 
perature and humidity. 

[0028] With such a configuration, the rotation 
number of the motor and the humidification amount of 
the humidifier are controlled based on the temperature 
and humidity of the supply air measured by the second 
measuring unit and the temperature and humidity 
requested of the supply air. Thus, it is possfole to set the 
temperature and humidity of the supply air to desired 
values. 

[0029] Preferably, the air cycling type air-condi- 
tioner further includes a dehumidifier for dehumidifying 
the suction air, and a pipeline for providing the humidi- 
fier with condensation water generated by at least one 



of the dehumidifier, heat exchanger and expander. 
[0030] With such a configuration, the condensation 
water generated by at least one of the dehumidifier, 
heat exchanger and expander can be utilized as water 
5 supply to the humidifier. Thus, it is possible to improve 
the efficiency of the air-conditioner as a whole. 

Brief Description of the Drawings 

10 [0031] 

Fig. 1 is a block diagram illustrating the schematic 
configuration of a conventional air cycling type air- 
conditioner. 

is Fig. 2 is a block diagram illustrating the schematic 
configuration of an air cycling type air-conditioner 
according to a first embodiment of the present 
invention. 

Fig. 3 is a block diagram illustrating the schematic 
20 configuration of an air cycling type air-conditioner 
according to a second embodiment of the present 
invention. 

Fig. 4 is a block diagram illustrating the schematic 
configuration of an air cycling type air-conditioner 
25 according to a third embodiment of the present 
invention. 

Fig. 5 is a block diagram illustrating the schematic 
configuration of an air cycling type air-conditioner 
according to a fourth embodiment of the present 
30 invention. 

Best Modes for Carrying Out the Invention 

[0032] The present invention will now be described 
35 in more detail with reference to the embodiments shown 
in the attached drawings. 

First Embodiment 

40 [0033] Fig. 2 is a block diagram illustrating the sche- 
matic configuration of the air cycling type air-conditioner 
according to the first embodiment of the present inven- 
tion. The air cycling type air-conditioner includes; a 
compressor 1; a motor 2; a heat exchanger 3; an 

45 expander 4; four-way valves 5 - 7 for switching air flow 
paths during a room cooling or heating operation; an air 
suction port 8; an air outlet port 9; a dehumidifier 10; a 
first temperature and humidity measuring unit 12 for 
measuring the temperature and humidity of the air taken 

so in from suction port 8; a second temperature and 
humidity measuring unit 15 for measuring the tempera- 
ture and humidity of the air exhausted from output port 
9; and a control unit 14 for controlling motor 2 and dehu- 
midifier 1 0 on the basis of the temperature and humidity 

55 measured by first and second temperature and humidity 
measuring units 12 and 15. 

[0034] In Fig. 2, the arrows with solid lines show the 
air flow paths during the room cooling operation. The 



3C1D: <EP 1022521A1 



7 



EP 1 022 521 A1 



8 



arrows with broken lines represent the air flow paths 
during the room heating operation. In the air cycling 
type air-conditioner of the present embodiment, the por- 
tions having the same configurations and the same 
functions as those of the conventional air cycling type 5 
air-conditioner are denoted by the same reference char- 
acters, and detailed description thereof will not be 
repeated. 

[0035] Control unit 14 calculates the amount to be 
dehumidified on the basis of the temperature and 10 
humidity of the air taken in from suction port 8 meas- 
ured by first measuring unit 1 2 and the temperature and 
humidity requested of the supply air, and controls dehu- 
midif ier 10 based on the calculated amount of dehumid- 
ification. Control unit 14 also detects the difference is 
between the temperature and humidity of the air 
exhausted from outlet port 9 measured by second 
measuring unit 15 and the temperature and humidity 
requested of the supply air, and controls the rotation 
number of motor 2 for control of the compression of 20 
compressor 1 , and also controls the amount of dehu- 
midrfication of dehumidifier 10. 

[0036] Now, the operation of the air cycling type air- 
conditioner at the time of room cooling will be 
described. First temperature and humidity measuring 25 
unit 12 measures the temperature and humidity of the 
room air taken in from suction port 8. Control unit 1 4 cal- 
culates the absolute humidity necessary for the supply 
air based on the temperature and humidity requested of 
the supply air. It also calculates the difference between 30 
the absolute humidity of the room air measured by first 
measuring unit 12 and the absolute humidity necessary 
for the supply air. 

[0037] Control unit 14 then calculates the flow rate 
of the suction air based on the input or the rotation 35 
number of compressor 1 , and, from the flow rate of the 
suction air and the difference in the absolute humidity 
as above, calculates the amount of moisture that dehu- 
midifier 10 is required to remove from the suction air per 
unit of time. Generally, during the room cooling opera- 40 
tion, the absolute humidity of the suction air is higher 
than the absolute humidity requested of the supply air. 
Therefore, to achieve the temperature and humidity 
requested of the supply air, dehumidifier 10 dehumidi- 
fies by the amount calculated as above. When the air 45 
cycling type air-conditioner of the present embodiment 
is used as a room air-conditioner, the amount of dehu- 
midification during the room cooling operation is nor- 
mally not greater than about 2 g/sec, although the value 
would vary due to the use conditions. Therefore, dehu- so 
midifiers with relatively low-level capabilities, such as a 
honeycomb rotor type dry dehumidifier and an adsorp- 
tive type dehumidifier, will suffice. 
[0038] The suction air dehumidified by dehumidifier 
1 0 is directed via four-way valves 5 and 6 to compressor 55 
1, which turns the air to high -temperature, high-pres- 
sure air. This high-temperature, high-pressure air is 
directed via four-way valve 6 to heat exchanger 3, which 



cools the air by heat exchange with refrigerant air or 
refrigerant water. Further, the cooled, high-pressure air 
is directed via four-way valve 7 to expander 4, where the 
air is adiabatically expanded to low-temperature, nor- 
mal-pressure air. The resultant air is exhausted via four- 
way valves 7 and 5, from outlet port 9. 
[0039] Control unit 14 detects the difference 
between the temperature and humidity of the supply air 
measured by second measuring unit 1 5 and the temper- 
ature and humidity requested of the supply air, and con- 
trols the rotation number of motor 2 and the amount of 
dehumidrfication by dehumidifier 10 to reduce the differ- 
ence. 

[0040] As explained above, according to the air 
cycling type air-conditioner of the present embodiment, 
dehumidifier 10 dehumidifies the suction air, so that the 
moisture within the air is prevented from being con- 
densed even when the temperature of the air is lowered 
by heat exchanger 3 and expander 4. Thus, the effi- 
ciency of the entire air-conditioner improves. Further, 
the difference between the temperature and humidity of 
the supply air measured by second measuring unit 15 
and those requested of the supply air is detected, and 
the rotation number of motor 2 and the amount of dehu- 
midrfication of dehumidifier 10 are controlled to reduce 
the difference. Therefore, it is possible to set the tem- 
perature and humidity of the supply air to desired val- 
ues. Moreover, dehumidifier 1 0 dehumidifies the suction 
air, which hinders rusting within the air-conditioner as 
well as formation of ice particles even when the temper- 
ature of the air is lowered to or below the freezing point. 

Second Embodiment 

[0041] Fig. 3 is a block diagram illustrating a sche- 
matic configuration of the air cycling type air-conditioner 
according to the second embodiment of the present 
invention. The air cycling type air-conditioner of the 
present embodiment is identical to that of the first 
embodiment shown in Fig. 2, except that it is addition- 
ally provided with a pipeline 13 for supplying condensa- 
tion water generated by dehumidrfication of 
dehumidifier 10, to compressor 1, motor 2 and heat 
exchanger 3. Therefore, the description of the similar 
configurations and functions thereof is not repeated 
here. 

[0042] In Fig. 3, the arrows with solid lines repre- 
sent the air flow paths during the room cooling opera- 
tion. The arrows with broken lines show the air flow 
paths during the room heating operation. Further, the 
arrows with bold lines represent the transportation 
paths of the condensation water generated by dehumid- 
ifier 10. 

[0043] The condensation water produced due to the 
dehumidrfication by dehumidifier 10 is supplied via pipe- 
line 13 to compressor 1, motor 2 and heat exchanger 3, 
to cool the components. As explained above, the 
amount of the condensation water is about 2 g/sec, and 
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a flexible, resin tube having an inner diameter of about 2 
mm to about 3 mm can be used as pipeline 13. To pro- 
vide power for transportation of the condensation water, 
a smalt pump may be utilized, or alternatively, potential 
energy may be utilized by placing dehumidif ier 1 0 upper 
than compressor 1 , motor 2 and heat exchanger 3. 
[0044] The condensation water, generated due to 
the dehumidif ication by dehumidif ier 10, is supplied via 
pipeline 13 to compressor 1, motor 2 and heat 
exchanger 3, where it evaporates and removes the heat 
therefrom. This improves the temperature efficiencies in 
compressor 1, motor 2 and heat exchanger 3. and 
hence, the efficiency of the air-conditioner as a whole. 
The temperature efficiencies of compressor 1, motor 2 
and heat exchanger 3, however, also vary due to the 
conditions such as the flow rate of the suction air and 
the temperature of the outdoors. Thus, the condensa- 
tion water can be supplied in particular to the portion 
selected from compressor 1, motor 2 and heat 
exchanger 3 that has the worst temperature efficiency 
according to the operating conditions of the air-condi- 
tioner, to further improve the efficiency of the entire air- 
conditioner. 

[0045] Here, the adiabatic efficiency of compressor 
1 can be calculated from the measurements of the tem- 
peratures of the air at the inlet and the outlet of com- 
pressor 1 . and the compression ratio of compressor 1 . 
The efficiency of motor 2 can be calculated by first 
obtaining the correlation between the surface tempera- 
ture of motor 2 and the efficiency thereof in advance, 
and by measuring the actual surface temperature of 
motor 2. Further, the temperature efficiency of heat 
exchanger 3 can be calculated by measuring the tem- 
peratures at the inlet and outlet of heat exchanger 3 at 
its refrigerant air (or refrigerant water) side and the tem- 
peratures at the inlet and outlet of heat exchanger 3 at 
its cooling side. 

[0046] As explained above, according to the air 
cycling type air-conditioner of the present embodiment, 
the condensation water generated by dehumidification 
of dehumidif ier 10 is supplied to compressor 1 , motor 2 
and heat exchanger 3. Thus, the temperature of each 
portion can be lowered to improve the temperature effi- 
ciency thereof, and therefore, the efficiency of the air- 
conditioner as a whole is improved. 

Third Embodiment 

[0047] Fig. 4 is a block diagram illustrating a sche- 
matic configuration of the air cycling type air-conditioner 
according to the third embodiment of the present inven- 
tion. The air cycling type air-conditioner of the present 
embodiment is identical to that of the first embodiment 
shown in Fig. 2. except that dehumidif ier 10 found in the 
first embodiment is removed and a humidifier 1 1 is pro- 
vided between four-way valve 5 and second tempera- 
ture and humidity measuring unit 15. Thus, the 
description of the same configurations and functions 



thereof is not repeated here. 

[0043] In Fig. 4, the arrows with solid lines show the 
air flow paths at the time of room cooling. The arrows 
with broken lines represent the air flow paths during the 

s room heating operation. 

[0049] Control unit 14 calculates the amount of 
humidification on the basis of the temperature and 
humidity of the air taken in from suction port 8 meas- 
ured by first measuring unit 12 and the temperature and 

w humidity requested of the supply air, and controls 
humidifier 1 1 based on the calculated amount. Control 
unit 14 also detects the difference between the temper- 
ature and humidity of the air exhausted from outlet port 
9 measured by second measuring unit 15 and the tem- 

75 perature and humidity requested of the supply air, and 
controls the rotation number of motor 2 to control 
expansion by expander 4, and also controls the amount 
of humidification by humidifier 1 1 . 
[0050] Now, the operation of the air cycling type air- 

20 conditioner of the present embodiment at the time of 
room heating will be described. The temperature and 
humidity of the room air is taken in from suction port 8 
are measured by first measuring unit 12. Control unit 14 
calculates the absolute humidity necessary for the sup- 

25 ply air based on the temperature and humidity 
requested of the supply air. Control unit 14 then calcu- 
lates the difference between the absolute humidity of 
the air in the room measured by first measuring unit 12 
and the absolute humidity necessary for the supply air. 

30 [0051] Control unit 14 also calculates the flow rate 
of the suction air from the input or rotation number of 
expander 4, and, based on the flow rate of the suction 
air and the difference in the absolute humidity as above, 
calculates the amount of moisture that humidifier 1 1 

35 should add to the suction air per unit time. Generally, at 
the time of room heating, the absolute humidity of the 
suction air is lower than the absolute humidity 
requested of the supply air. Therefore, to achieve the 
temperature and humidity requested of the supply air, 

40 humidifier 1 1 humidifies by the amount calculated as 
above. Humidifier 1 1 may be a steam jet type humidifier 
utilizing a heater, or a water spray type humidifier utiliz- 
ing an ultrasonic wave transducer. 
[0052] The suction air humidified by humidifier 1 1 is 

45 directed via four-way valves 5 and 7 to expander 4. 
which turns the air to low-temperature, low-pressure air. 
This low-temperature, low-pressure air is directed via 
four-way valve 7 to heat exchanger 3, in which the air is 
heat exchanged with the refrigerant air or refrigerant 

so water, so that it attains an ordinary temperature. Fur- 
ther, the ordinary temperature, low-pressure air is 
directed via four-way valve 6 to compressor 1 , which 
compresses the air to produce high-temperature, nor- 
mal-pressure air. The air is then exhausted via four-way 

55 valves 6 and 5. from outlet port 9. 

[0053] Control unit 14 detects the difference 
between the temperature and humidity of the supply air 
measured by second measuring unit 15 and the temper- 
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ature and humidity requested of the supply air, and con- 
trols the rotation number of motor 2 as well as the 
amount of humidification by humidifier 1 1 to reduce the 
difference. 

[0054] As explained above, according to the air 
cycling type air-conditioner of the present embodiment, 
the difference between the temperature and humidity of 
the supply air measured by second measuring unit 15 
and those requested of the supply air is detected, and 
the rotation number of motor 2 and the amount of 
humidification of humidifier 10 are controlled to reduce 
the difference. Therefore, it is possible to set the tem- 
perature and humidity of the supply air to desired val- 
ues. 

Fourth Embodiment 

[0055] Fig. 5 is a block diagram illustrating a sche- 
matic configuration of the air cycling type air-conditioner 
according to the fourth embodiment of the present 
invention. The air cycling type air-conditioner of the 
present embodiment is similar to the air cycling type air- 
conditioner of the first embodiment shown in Fig. 2, 
except that it is further provided with a humidifier 1 1 , 
which is placed between four-way valve 5 and outlet 
port 9. and a pipeline 14, which supplies condensation 
water generated at dehumidifier 10, heat exchanger 3 
and expander 4, to humidifier 1 1 . Thus, description of 
the common configurations and functions thereof is not 
repeated here. 

[0056] In Fig. 5, the arrows with solid lines repre- 
sent the air flow paths during the room cooling opera- 
tion. The arrows with broken lines show the air flow 
paths during the room heating operation. Further, the 
arrows with bold, solid lines represent the transportation 
paths of the condensation water generated at dehumid- 
ifier 10, heat exchanger 3, and expander 4. 
[0057] The condensation water generated at dehu- 
midifier 10. heat exchanger 3, and expander 4 is sup- 
plied via pipeline 14 to humidifier 11 as water supply 
therefor. As in the air cycling type air-conditioner 
according to the second embodiment, flexible, resin 
tubes with an inner diameter of about 2 mm to 3 mm can 
be used as pipeline 1 4. To provide power for transporta- 
tion of the condensation water, a compact pump may be 
utilized, or alternatively, position energy can be utilized 
by disposing humidifier 11 lower than dehumidifier 10, 
heat exchanger 3 and expander 4. 
[0058] As explained above, according to the air 
cycling type air-conditioner of the present embodiment, 
the condensation water generated at dehumidifier 10, 
heat exchanger 3 and expander 4 can be utilized as 
water supply to humidifier 1 1 . Thus, the efficiency of the 
air-conditioner as a whole is improved. 

Claims 

1 . An air cycling type air-conditioner, comprising: 
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a heat exchanger (3); 

a compressor (1) compressing suction air to 
transfer to said heat exchanger (3), and com- 
pressing air transferred from said heat 
exchanger (3) to transfer as supply air; 
an expander (4) expanding the suction air to 
transfer to said heat exchanger (3), and 
expanding air transferred from said heat 
exchanger (3) to transfer as the supply air; 
a motor (2) driving said compressor (1) and 
said expander (4); 

a dehumidifier (10) dehumidifying said suction 
air; 

a first temperature and humidity measuring unit 
(12) measuring the temperature and humidity 
of said suction air; and 

a control unit (14) calculating the amount of 
dehumidification on the basis of the tempera- 
ture and humidity measured by said first tem- 
perature and humidity measuring unit (12) and 
requested temperature and humidity, and con- 
trolling said dehumidifier (10) based on the 
amount of dehumidification. 

The air cycling type air-conditioner according to 
claim 1. further comprising a second temperature 
and humidity measuring unit (15) measuring the 
temperature and humidity of said supply air, and 

said control unit controls the rotation number of 
said motor (2) and the amount of dehumidifica- 
tion by said dehumidifier (10) based on the 
temperature and humidity of the supply air 
measured by said second temperature and 
humidity measuring unit (15) and said 
requested temperature and humidity. 

The air cycling type air-conditioner according to 
claim 1 , further comprising a pipeline (1 3) supplying 
condensation water generated by the dehumidifica- 
tion of said dehumidifier (10), to at least one of said 
compressor (1), said motor (2) and said heat 
exchanger (3). 

The air cycling type air-conditioner according to 
claim 1 , further comprising a supply unit calculating 
efficiencies of said compressor (1), said motor (2) 
and said heat exchanger (3), and supplying the 
condensation water generated by the dehumidifica- 
tion of said dehumidifier (10) to any of said com- 
pressor (1), said motor (2) and said heat exchanger 
(3) exhibiting the worst efficiency. 



5. An air cycling type air-conditioner, comprising: 
a heat exchanger (3); 

a compressor (1) compressing suction air to 
transfer to said heat exchanger (3). and com- 
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pressing air transferred from said heat 
exchanger (3) to transfer as supply air; 
an expander (4) expanding the suction air to 
transfer to said heat exchanger (3). and 
expanding air transferred from said heat 5 
exchanger (3) to transfer as the supply air; 
a motor (2) driving said compressor (1) and 
said expander (4); 

a humidifier (1 1) humidifying said supply air; 
a first temperature and humidity measuring unit io 
(12) measuring the temperature and humidity 
of said suction air; and 

a control unit (14) calculating the amount of 
humidification on the basis of the temperature 
and humidity measured by said first tempera- 15 
ture and humidity measuring unit (12) and 
requested temperature and humidity, and con- 
trolling said humidifier (11) based on the 
amount of humidification. 

20 

6. The air cycling type air-conditioner according to 
claim 5, further comprising a second temperature 
and humidity measuring unit (15) measuring the 
temperature and humidity of said supply air, and 

25 

said control unit controls the rotation number of 
said motor (2) and the amount of humidification 
by said humidifier (11) based on the tempera- 
ture and humidity of the supply air measured by 
said second temperature and humidity measur- 30 
ing unit (15) and said requested temperature 
and humidity. 

7. The air cycling type air-conditioner according to 
claim 5, further comprising: 35 

a dehumidifier (10) dehumidifying said suction 
air; and 

a supply unit supplying condensation water 
generated by at least one of said dehumidifier 40 
(10), said heat exchanger (3) and said 
expander (4). to said humidifier (11). 
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